Introduction {#Sec1}
============

Globally, nearly 38 million people are estimated to be living with HIV, with 1.7 million people newly infected in 2018 and 770,000 people dying from AIDS-related illnesses in the same year \[[@CR1]\]. Seventy-nine percent of persons globally living with HIV know their HIV-positive status, resulting in 8.1 million people who are unaware that they have HIV \[[@CR1]\]. Central to the success of the UNAIDS 2030 95-95-95 \< span \> \[[@CR2]\] targets - 95% of people who are living with HIV know their status, of whom 95% receive ART, and 95% of those on ART achieve viral suppression - are innovative strategies that allow people to learn their sero-status. Conceptualized as the Ending the HIV Epidemic strategy, there is now strong programmatic and research attention focused on enabling strategies to diagnose all persons with HIV as early as possible \[[@CR3]\] to enable rapid adoption of treatment, which will require an expansion of HIV testing services and greater utilization of those services from communities most impacted by HIV.

HIV Testing Is the First Step in the HIV Treatment and Prevention Continuum {#FPar1}
---------------------------------------------------------------------------

Receiving an HIV-positive diagnosis is the first step to a continuum that involves being linked to HIV care, prescribed antiretroviral therapy (ART), and ultimately achieve viral suppression \[[@CR4]\]. For those that test HIV-negative, the prevention continuum includes behavioral and biomedical prevention services, including risk reduction counseling and linkage to pre-exposure prophylaxis (PrEP). In a recent study examining trends in HIV testing among US adults, 46% of adults had tested for HIV in their lifetime, with highest rates of being ever tested among Black adults (\~ 69%) and Latinx (\~ 48%) persons \[[@CR5]\]. Among those that report an HIV risk factor (5.1% of persons; risk factors including injection drug use, a sexually transmitted infection in the past year, giving or receiving money or drugs in exchange for sex in the past year, or condomless anal sex), approximately 65% had ever tested for HIV. In the same study, 14.8% of US adults had tested for HIV in the past year, with highest rates among Black (34.1%) and Latinx (17.6%) adults, and persons reporting at least one risk behavior (34.2%). A recent report estimated that 16% of US men who have sex with men (MSM)---the risk group experiencing the highest prevalence of HIV in the USA---living with HIV are unaware of their status \[[@CR6]\]. These findings clearly demonstrate that there is substantial room for improvement to reach the CDC recommended testing guidelines of having all adults test for HIV at least once in their lifetime, and that persons (including MSM) at high risk for HIV be tested at least annually. \[[@CR7]\]

Globally, many countries have experienced sub-optimal HIV testing rates as seen in the USA, and reaching the 95-95-95 targets by 2030 \[[@CR8]\] will not be possible without increased HIV testing efforts overall and in key populations. Approximately 79% of people living with HIV globally knew their HIV status in 2018 \[[@CR9]\], leaving significant room for improvement in the uptake of HIV testing. In a systematic review and meta-analysis of HIV testing among MSM in Africa, an estimated 61% of MSM ever tested for HIV, 46% tested for HIV in the past 12 months, and only 18.2% of MSM living with HIV were aware of their status \[[@CR10]\]. There was substantial variation by region, such that MSM in East Africa, which has laws criminalizing same-sex relations, had the lowest levels of past year HIV testing (37.1%) and HIV-positive awareness (10.1%) \[[@CR10]\]. In China, the estimated percentage of the population who are aware of their HIV status is approximately 54%, with a slightly higher percentage of MSM (59%) and sex workers (56%) knowing their status \[[@CR11]\]. Factors associated with greater HIV testing in China include higher educational level, participation in HIV education programs, and sexual orientation disclosure \[[@CR12]\]. A recent review also concluded that the scale up of HIV testing programs, including HIV self-testing (HIVST), is critical to address the HIV epidemic in Latin America \[[@CR13]\].

The use of technology to deliver HIV prevention and treatment interventions is now common due to the widespread integration of technology in daily life, both in the USA and globally \[[@CR14], [@CR15]\]. Technology-delivered interventions have the ability to reach a broad audience, facilitate rapid scalability, promote consistent and "real-time" delivery, have relatively low implementation costs, and overcome the limitations of face-to-face interventions \[[@CR16]\]. In addition to these benefits, HIV self-testing (HIVST) kits may reduce physical and psychosocial barriers to testing, including stigma and confidentiality concerns \[[@CR17]\]. A review of studies (published from January 2016 through May 2017) in which technology was used to increase or improve the experience of HIV self-testing (HIVST) among MSM showed that technology was used in several ways: HIVST kits were distributed through existing social media platforms (e.g., Grindr), the distribution of HIVST kits through comprehensive technology-based HIV interventions (mobile applications or "apps"), and the use of technology platforms (e.g., video counseling) to support the correct use of HIVST kits \[[@CR18]\]. While informative, this review was limited in scope (i.e., technology-assisted HIVST programs) and because it was limited to the past year and a half of research. A broader review of published technology-assisted HIV testing interventions would provide a more comprehensive perspective on the current status of the field.

The purpose of this review is to describe and assess the literature on mobile health (mHealth) and other technology-based HIV testing interventions published in the 5-year period from 2015 to 2020. The review is intended to promote understanding of existing efforts that leverage technology to address HIV testing, as well as provide potential direction for future research and practice in this emerging area.

Search Strategy {#Sec2}
---------------

We searched PubMed for publications using the search strategy outlined in Fig. [1](#Fig1){ref-type="fig"}. In our initial search, 178 articles were displayed using the available filters (e.g., human subjects; within the past 5 years) offered by PubMed. The abstracts for these studies were reviewed by two authors, which narrowed the list of eligible studies to 45. The full article of those 45 publications was retrieved and reviewed for inclusion in this review. Articles that provided findings of interventions that either completely or partially used technology (e.g., text messaging, online websites, mobile applications; social media platforms) to facilitate intervention delivery were included in this review; studies that exclusively used discussions by telephone as their delivery format were excluded from consideration. Moreover, articles were excluded if they were pre-intervention formative studies, study protocols, review articles, or secondary analysis articles. This process yielded 11 articles from the PubMed search that met inclusion criteria. An additional seven articles were identified through a review of the reference lists and expert suggestion for inclusion in this review, for a total of 18 included studies (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). The discussion below is organized by intervention design, beginning with more rigorous randomized controlled trials (RCTs) to assess intervention efficacy. Next we describe the results from pilot RCTs, and finish with quasi-experimental and qualitative studies. A brief review of what recommendations for research and practice are made by the authors of those studies is reviewed here to provide possible insights into future directions for research and practice.Fig. 1PubMed search strategyTable 1HIV testing efficacy interventionsCitation study nameTrial dates, designPopulation, sample size, locationTechnology typeIntervention (I), control (C)ResultsRecommendations for research or practice^a^Kelvin et al. (2019) *North Star Alliance East Africa Text Messaging Service*2/2017--3/2017; RCTMale truckers \< 4 HIV tests last 12 months and no HIV test in past 3 months; *M* = 35.3 years; *n* = 2262; TanzaniaText messaging**I**: SMS announcing HIVST kit availability at 8 North Star Alliance Kenya clinics; 3 SMS delivered 1 week apart. Participants could take self-test in clinic with supervision or take home**C**: Enhanced SOC (3 SMS sent about availability of general HIV testing) or SOC traditional (1 SMS sent about availability of general HIV testing)I vs. C, BL to 2-month FU: 31 participants in the I group and 10 participants in the C group tested for HIV (*P* = 0.002); of the 31 who tested in I group, 20 self-tested (14 self-tested in the clinic with supervision)Demonstration videos depicting HIVST process may help testing uptake in interventionsKelvin et al. (2019) *North Star Alliance East Africa Text Messaging Service*12/2016--2/2017; RCTFemale sex workers \< 4 HIV tests last 12 months and no HIV test in past 3 months; *M* = 28.6 years; *n* = 2196; KenyaText messaging**I**: SMS announcing HIVST kit availability at 8 North Star Alliance Kenya clinics; 3 SMS delivered 1 week apart. Participants could take self-test in clinic with supervision or take home**C**: Enhanced SOC (3 SMS sent about availability of general HIV testing) or SOC traditional (1 SMS sent about availability of general HIV testing)I vs. C, BL to 2-month FU: 119 participants in the I group and 46 participants in the C group tested for HIV (*P* = 0.001); of the 119 who tested in I group, 71 self-tested (52 self-tested in the clinic with supervision)For interventions to succeed, participants need HIVST assistance (pre- and post-test counseling; supervision of first HIVST)Rhodes et al. (2016) *CyBER/testing*7/2013--6/2014; repeated cross-sectional matched-pair randomized trialMSM and transgender persons; *M* = 40.9 years; *n* = 1292; US national sampleConducted on existing commercial social media platform**I**: Participants from 2 intervention communities (I) and 2 comparison communities (C) were recruited on social media sites: Adam4Adam, BlackGayChat, Craigslist, and [Gay.com](http://gay.com). A health educator made public profile and posted 3--4 triggers about HIV per day (importance of testing, availability to provide info and answer questions). Users sent messages to educator to initiate communication**C**: No intervention control communitiesI vs. C, BL to 12-month FU: At 12-month FU, HIV testing rates were higher for the I (63.7%) than C (42%) (CI 1.8--4.7) group. Adjusting for BL demographics, the I group had 2.9 higher odds of testing at the 12 month. FU compared the C groupFurther research needs to determine whether harnessing emerging social media innovations can increase HIV testing and improve linkage to and retention in care and health outcomesTang et al. (2018)8/2016--8/2017; closed cohort stepped wedge cluster RCTCisgender MSM; 16 years or older; *n* = 1381; Guangdong and Shandong provinces, ChinaHIVST messages sent through an existing social media platform**I**: Crowdsourced MSM-tailored HIV testing intervention content, which was subsequently distributed on *WeChat* biweekly in 8 cities in China. Men could also order 1 free HIVST kit by mail during the study period**C**: Cities considered in "control" state prior to starting intervention. Data for the historical control was obtained from the China CDC and community-based organization recordsI vs. historical C, BL to 12-month FU: Proportion of individuals receiving HIV test within a city was 8.9% greater during I than C (95% CI 2.2--15.5) period. The I group also reported greater HIVST than the C group (RR = 1.89, 95% CI 1.50--2.38). Among the 699 in the I group who never tested at BL, 390 (56%) tested during study. 49% (*n* = 593) of I participants who completed at least 1 FU (*n* = 1219) received an HIVST kit; of those, 442 used self-testing platform, and 132 (30%) returned their self-test results via WeChat.When planning HIV interventions for MSM, researchers/policy makers should consider social media interventions to expand disseminationWang et al. (2018)2017; parallel-group and non-blinded RCTMSM; 18--40 years (63.1% ages 18--30); *n* = 430; Hong Kong, ChinaOnline chat session (referred to as HIVST-OIC)**I**: Mailed an HIVST kit. During 1 session supervised by staff over the telephone, completed: watched 2 videos, 1 an online video promoting HIV testing and another video promoting HIVST-OIC; performed HIVST; and received pre- and post-test counseling**C**: Watched an online video promoting HIV testing and encouraged to testI vs. C, BL to 6-month FU: significantly higher prevalence of HIV testing of any type among I group (89.8%) than C group (50.7%) (*P* = .001). Most HIVST-OIC users were satisfied with HIV testing implementation and performance and said HIVST-OIC helped understanding HIV testing and preparing them to take up such testingN/AYoung et al. (2015) *Harnessing Online Peer Education (HOPE)*11/2010--6/2011; cluster efficacy RCTMSM; 18 years or older (*M* = 28.9 years); *n* = 556; Lima, Callao, PeruConducted on existing commercial social media platform**I**: Randomly assigned to be HIV prevention peer mentors on closed Facebook group for 12 weeks**C**: Participation in Facebook groups without peer leaders that gave study updates and HIV testing informationBoth groups could request free HIV testing at a local clinicI vs. C, BL to 12-week FU: 30.6% of the I group vs. 14.6% of the C group requested HIV test (*P* = .003); 17.1% of the I group vs. 6.5% of the C group were tested at 12 weeks (adjusted OR = 2.61, 95% CI 1.55--4.38)Future research to determine best approaches for how peer leaders can deliver HIV testing information on social media*I*, intervention; *C*, control; *BL*, baseline; *CAS*, condomless anal sex; *FU*, follow-up; *RCT*, randomized control trial; *SMS*, short message service; *SOC*, standard of care; *HIVST*, HIV self-testing^a^Recommendations are provided by the study authorsTable 2HIV testing pilot and quasi-experimental interventionsCitation study nameTrial dates, designPopulation, sample size, locationTechnology typeIntervention (I), control (C)ResultsRecommendations for research or practice^a^Bauermeister et al. (2015) *Get Connected!*2014--2015; pilot RCTCisgender MSM; 15--24 years old (*M* = 21 years); *n* = 104; Southeast Michigan, USAWeb-based**I**: 30-day period of website use. The I was a series of sequential pages, including HIV/STI facts, reasons for HIV/STI testing, and barriers to HIV/STI testing. Tailored content was displayed based participants' lived experiences. The final page was an online HIV/STI test locator with personalized recommendations for testing sites**C**: Online HIV/STI resource provider directoryI vs. C, BL to 30-day FU: Participants in the I group (31.5%) reported higher \< 30-day HIV testing than the C group (25.9%). 82% of tailored group tested for HIV and/or STI within past 30 days, vs. 18% of the C group. A greater percentage of the I group reported asking partner to get tested for HIV or STIs (*P* \< .05), and educating others about HIV/STIs (*P* \< .01). More I than C participants reported intervention helped them to decide to get tested for STIs (*P* = .07)1-time interventions may be a useful strategy for HIV and STI preventionBauermeister et al. (2019) *myDE*11/2016--5/2017; pilot RCTCisgender MSM; 18--24 years old (*M* = 21.67 years); *n* = 180; US nationally recruited sampleWeb-based**I**: 6-sessions of distinct cognitive and affective topics (e.g., sexuality and relationships, relationship types and sexual decision-making, sexual education, HIV/STI risk reduction strategies, communication about sex, and local resources); session-specific interactive activities and quizzes**C**: Information-only websiteI vs. C, BL to 3-month FU: 45% of the sample (*n* = 70) reported HIV testing during 3-month FU, with no difference between groups (I: 46.7% vs. C: 40%). I group reported greater use of sexual education information and had less receptive CAS than C group; both groups improved safer-sex self-efficacyTailored content should be used in online interventions to improve participant accessibility and utilityDe Boni et al. (2019) *A Hora é Agora (The Time is Now)*3/2015--2/2016; within group cross-sectional comparisonCisgender MSM;18 years of age or older (Md = 25 years); *n* = 2526; BrazilWebsite**I**: Website with 4 modules (general information, and HIVST order, management, and monitoring), as well as a risk assessment calculator; HIVST kits could be ordered anonymously every 6 months; trained psychological counselors were available 24/73885 HIVST kits were requested. 37.5% reported never taking an HIV test at baseline. 65% (*n* = 2526) received the HIVST kit and 21.4% (*n* = 542) reported the results from HIVST kit. Most found site "very easy" or "easy" to useN/AHorvath, K. et al. (2019) *Status Update*3/2017--5/2018; pilot RCTCisgender MSM; 18--40, years of age (*M* = 29 years); *n* = 113; Las Vegas, Miami, Minneapolis, New Orleans, USAMobile application**I**: 8-month app access; completed My Health Survey, given recommended testing intervals, retook My Health Survey every month and provided with updated target/next HIV testing date based on answers to FU check-in answers. App included other features, e.g., HIV and PrEP information, local events, weekly multiple choice question**C**: Assessment-only controlI vs. C, BL to 4-month FU: Over half of the I group who opened app had at least 1 HIV test during the study period; 10% were repeat testers, 47% had single test, 43% did not test. Compared with the C group, a higher percentage of the I group repeat tested at 4-month FU (I: 80%, C: 20%) but not at 8-month. 49/57 of I participants logged into app; 45/49 opened it and used it; the average frequency of app use was 10.2 times; average overall acceptability scoreAdaptive interventions may provide opportunities to respond to men's testing behaviors to deliver tailored interventions that promote regular HIV testing for MSMJanssen et al. (2019)2/2017--3/2017; qualitative cohort studyCisgender adults from 3 primary healthcare facilities; *M*(female) = 26.6 years, *M*(male) = 26.4 years; *n* = 30; Cape Town, South AfricaMobile phone/tablet application**I**: App gave unsupervised HIVST or supervised HIVST options; unsupervised HIVST could be done at home or in clinic; supervised HIVST could only be done in clinicAll HIVST participants reported sense of privacy; they reported that they were able to negotiate space to conduct the test and receive optional levels of support (e.g., involvement from family, partners, counselors, and clinic providers)N/AMcCoy et al. (2018) *Stick To It*10/2016--6/2017; single-arm trialMSM assigned male at birth or current male identity; 18--26 years old (*M* = 23 years); *n* = 166; CA, USAWebsite, email, text messaging**I**: Interactive website with quizzes, in which points awarded for quiz scores, recruiting friends, and HIV-STI screening (in-clinic only); points redeem prizes only available at clinic; SMS and email every 3 weeks to remind users to visit website to complete quiz31 consented to have their medical records examined. Of those, 48% of participants received 2 or more HIV tests \< 6 months vs. 30% of historical MSM group receiving care from same clinic locations (*P* = 0.04)Gamification interventions should be combined with behavior change mechanisms for effective implementationNjuguna et al. (2016)9/2013--3/2014; quasi-experimental trial with I and C but no randomizationWomen with no HIV test \< 12 months; 18--24 years old (*M* = 21 years); *n* = 600; KenyaText messaging**I**: Intervention participants received weekly SMS messages about HIV and reproductive health-related topics. Participants had option to send a reply text requesting more info on that topic or access a menu enabling access to explore other topics**C**: Did not receive any messagesSurvey at baseline and 6-month. All participants received monthly SMS surveys to collect data on HIV testing and sexual behavior for 5 monthsI vs. C, BL to 6-month FU: 356 women reported HIV testing at least once (I: 67% vs. C: 51%; *P* = .001) during 6 months. 106 women reported testing only once during follow-up (17.66%), 102 tested twice (17%), and 148 tested 3 or more times (24.67%). The median time to first HIV test was 12 weeks for I vs. 20 weeks for CNeed to explore mechanisms of actionStephenson et al. (2019) *Project Moxie*6/2017--6/2018; pilot RCTTransgender and non-binary; 15--24 years old; *n* = 201; US national sampleOnline live chat**I**: HIVST kit was mailed to participant followed by a single HIV test counseling session delivered through video-chat software. Counselors gave tailored resources based on discussion with participant, supervised HIVST, and provided pre- and post-test counseling**C**: HIVST kit only Linkage to care for any participant testing positive for HIVI vs. C, BL to 6-month FU: 48% (*n* = 61) of I group completed the online counseling session; of these, 59 performed HIVST in-session. All (*n* = 76) C participants ordered the HIVST kit. 98% satisfaction among I participants who completed counseling; both arms reported more willingness to use PrEP. At the 3-month FU, STI testing rate was significantly greater for the I (72.5%) vs. C (42.9%) (*P* = 0.001) group. However, STI testing rates only significantly greater for participants in the control arm (*P* = 0.025) at 6 monthsTo meet transgender youth comfort, interventions should provide testing options (e.g., HIVST only, counseling with HIVST)Sullivan et al. (2017) *HealthMindr*5/2015--8/2015; single-arm trialMSM; 18 years or older (Md = 28 years); *n* = 121; Atlanta, Seattle, USAMobile application**I**: Participants were given access to the app, which included monthly risk assessment quizzes, resources to schedule a custom HIV testing plan with reminders, HIV testing locations, and ordering free condoms and home HIVST kits. At 4 months, participants were asked about motivation to use the app, HIV testing during study period, PrEP and nPEP use during study period, HIVST kit use, and condom useBL to 4-month FU: 77% of all participants tested for HIV at least once during the pilot, 56% tested multiple times. Over 2/3 of those who ordered test kits said they did not plan on being tested for HIV but ordered an HIVST kit because it was offered in the app. Among those who did not have a regular testing pattern at baseline, 63% did at 4 months. Ordering test kits and condoms was the most frequently accessed feature. 40% viewed PrEP information and 25% used the PrEP screener. 69% said they would download app again, 71% said they would recommend to a friend, and 66% said they would continue to use it as part of their HIV prevention planRecommend using a staged approach of qualitative formative work, theater testing, and usability or acceptability testingThomas et al. (2017)2013; single-arm trialCisgender male sex workers;18 years or older (*M* = 31.9 years);*n* = 8; Chennai, IndiaMobile phone call sessions; text messaging**I**: At each assessment (BL, 3- and 6-month), participants were given the option to test for HIV. 2 in-person sessions and 2 mobile phone sessions with councilor. During in-person sessions, participants and counselor discussed sexual decision-making, minimizing personal risk with alcohol use, and sexual communication. Mobile phone sessions were 15--20 min to check in on progress related to the in-person sessions. SMS were tailored to health goals and sent for 12 weeksBL to 6-month FU: All participants opted to get tested for HIV at all assessment points. At BL, 17.5% did not know HIV status due to past HIV test refusal; all participants (*n* = 8) opted to receive HIV testing and counseling at all FU; Over half of sample at 3-month FU had fewer sexual partners than at BLSuggest further pilot testing with larger RCT to determine more accurate effect size estimates, and ultimately a full-scale efficacy trialYbarra et al. (2017) *G2G (Guy2Guy)*10/2014--4/2015; pilot RCTCisgender MSM;14--18 years old; *n* = 302; US national sampleText messaging**I**: All I participants received 5--10 texts daily for 5 weeks. Text content included HIV information, behavioral skills, and game-like features**C**: Received 5--10 texts daily for 5 weeks. Text content focused on general health topicsI vs. C, BL to 3-month: Among sexually experienced adolescents, twice as many I participants reported getting an HIV test 5 weeks (I: 55% vs. C: 28%). Similar results were shown at 3 months, with 38.9% of I participants reporting getting an HIV test compared with 18.1% of C participantsSimilar intervention programs focused on HIV testing rates encouraged to consider sending motivational messages via texting, combined with links to clinic locator sites and to a brief video demystifying the HIV testing experienceZhu et al. (2019) *WeTest*9/2017--6/2018; pilot RCTCisgender MSM; 18 years and older (68% age 18--29, 32% 30+); *n* = 100; Hefei, ChinaMobile application**I**: Participants received access to *WeTest*, which provided app-based messages and referrals to health services related to HIV. 2 new messages were sent via *WeTest* every week for the 6-month duration of intervention. Also received 2 oral HIVST kits**C**: Received only the 2 oral HIVST kitsI vs. C, BL to 6-month: I group reported higher levels of the following compared with C group: any type of HIV test during \< 6 months (I: 92% vs. C: 68%), oral HIVST kit use (I: 84% vs. C: 52%), submitting a photo of HIVST result (I: 82% vs. C: 18%), and taking an HIV test ≥ 2 times \< 6 months (I: 64% vs. C: 40%). Intervention participants also reported higher trust in the oral HIVST results compared with control participants (I: 71% vs. C: 42%)Future research will benefit from biological or other objective indicators of intervention effects*I*, intervention; *C*, control; *BL*, baseline; *CAS*, condomless anal sex; *FU*, follow-up; *RCT*, randomized control trial; *SMS*, short message service; *SOC*, standard of care; *HIVST*, HIV self-testing^a^Recommendations are provided by the study authors

HIV Testing Intervention Efficacy Trials {#Sec3}
----------------------------------------

Six articles reported the results of efficacy of randomized controlled trials (Table [1](#Tab1){ref-type="table"}), with sample sizes ranging from 430 \[[@CR19]••\] participants to 2262 \[[@CR20]\] participants. Four of the six interventions were conducted with MSM, one of which was in the USA \[[@CR21]\]. The only efficacy trial of an HIV testing intervention among US MSM, *CyBER/testing*, used live chat discussion through sites where MSM meet others for sex and relationships (e.g., Adam4Adam) to discuss HIV prevention and testing options \[[@CR21]\]. Other interventions for MSM outside of the USA were conducted in China \[[@CR22]••\] and Peru \[[@CR19]••\].

Overall, three-quarters of interventions provided HIVST as a testing option, and all were conducted in non-US settings (China, Kenya, Peru, Tanzania). Some intervention trials leveraged social media platforms to deliver HIVST messaging and kits. For example, Tang \[[@CR22]••\] used *WeChat*, a popular messaging platform in China, to deliver information and promotional materials about HIVST to MSM. Similarly, Young et al. \[[@CR23]\] identified peer mentors to deliver HIV prevention messages to adult MSM on Facebook over the course of 12 weeks. Wang \[[@CR19]••\] mailed HIVST kits to MSM, and provided participants online counseling in which participants engaged in pre-test counseling, supervised HIV self-testing, and post-test counseling. Two trials focused on participants who were not MSM and also provided the option of using HIVST kits among high-risk groups in Sub-Saharan Africa. For example, Kelvin et al. \[[@CR20]\] provided male truckers with three text messages spaced a week apart to promote the availability of HIVST kits. This approach was also used among female sex workers \[[@CR24]\].

All studies showed some evidence of efficacy (i.e., the intervention successfully modified HIV testing behaviors). For example, Tang and colleagues crowdsourced HIV testing content for MSM and distributed those messages biweekly using *WeChat* in eight cities in China. Compared with historical HIV testing rates in those same cities, intervention participants who received messages about HIV testing over *WeChat* were found to have increased their HIV testing by 8.9% within their respective cities \[[@CR22]••\]. Wang et al. \[[@CR19]••\] showed a nearly 40% difference in any HIV testing at month 6 between intervention and control conditions in their online HIV counseling and testing intervention. The intervention also outperformed the control in both interventions that used an existing commercial social media platform for intervention delivery \[[@CR21], [@CR23]\]. The intervention approach used by Kelvin and his colleagues in Sub-Saharan Africa \[[@CR20], [@CR24]\]---namely, text messaging to promote in-clinic and at-home HIVST---showed statistically significant differences in favor of the intervention condition; however, testing rates were extremely low (1.8% for male truckers and 7.5% of female sex workers) which calls into doubt the feasibility of this approach.

HIV Testing Pilot Designs {#Sec4}
-------------------------

Twelve intervention studies were included as either pilot trials or used quasi-experimental designs (Table [2](#Tab2){ref-type="table"}). Of those, half (*n* = 6) were pilot RCTs \[[@CR25]--[@CR27], [@CR28]•, [@CR29], [@CR30]\], with sample sizes between 100 \[[@CR26]\] and 302 \[[@CR27]\]. Most (*n* = 5) pilot RCTs were conducted in the USA \[[@CR25], [@CR27], [@CR28]•, [@CR29], [@CR30]\], with one other conducted in China \[[@CR26]\]. Likewise, five of the six pilot RCTs were with MSM \[[@CR25]--[@CR27], [@CR29], [@CR30]\]. Intervention delivery of the pilot RCTs varied in format: webapps (i.e., websites that are mobile optimized) \[[@CR25], [@CR30]\], native mobile apps \[[@CR26], [@CR29]\], online counseling \[[@CR28]•\], and text messaging \[[@CR27]\]. Interventions tested through a pilot RCT study design also differed in their types of content and features. For example, Bauermeister \[[@CR25]\] showed young (ages 15--24) MSM a series of sequential webpages, in which participants were presented with tailored content depending on their life circumstances and attitudes. The final page of the intervention was a list of HIV/STI clinics and providers that is personalized to the youth's preferences. In contrast, Stephenson and his colleagues \[[@CR28]•\] used a single-session online counseling session with transgender youth to perform supervised HIVST, pre- and post-test counseling, and problem solve barriers to engage in HIV prevention. In the Guy2Guy intervention \[[@CR27]\], adolescent MSM were sent 5--10 theoretically grounded text messages per day for five weeks. Other intervention activities used in pilot RCTs included a personalized HIV testing date recommender \[[@CR29]\], HIV testing messages and referrals to HIV health services \[[@CR26]\], and the provision of sexual health and relationship information \[[@CR30]\].

Several (*n* = 4) pilot RCTs showed some evidence that the intervention had a positive effect on testing behaviors. For example, in the Bauermeister \[[@CR25]\] study described above, a higher percentage of young MSM in the intervention group tested at the 30-day follow-up assessment than those in the control (32% vs. 26%). Other studies showed higher rates of repeat HIV testing at four months for adult MSM \[[@CR29]\], any type of testing among adolescents at five weeks \[[@CR26], [@CR27]\], and HIVST kit use at six months \[[@CR26]\]. Other pilot RCTs found either no difference in HIV testing between groups \[[@CR30]\] or had a relatively low uptake of the HIVST online counseling intervention by intervention participants \[[@CR28]•\]. Of the four studies that collected participant ratings of the acceptability and satisfaction with the intervention, acceptability ratings were average to high \[[@CR25], [@CR28]•, [@CR29], [@CR30]\]. Interestingly, the only HIV testing intervention tailored for transgender and non-binary youth showed sub-optimal levels of intervention uptake (48% of those randomized to the intervention group attended the online HIVST counseling session); however, there was high satisfaction among youth who completed the online counseling session \[[@CR28]•\].

HIV Testing Single-Arm, Quasi-Experimental, and Qualitive Designs {#Sec5}
-----------------------------------------------------------------

Non-RCT intervention approaches (*n* = 6) included single-arm trials \[[@CR31], [@CR32]•, [@CR33]\], cross-sectional comparison studies \[[@CR34]•\], qualitative studies of intervention acceptability \[[@CR35]\], and a two-arm study without randomization \[[@CR36]•\] (Table [2](#Tab2){ref-type="table"}). Unlike the pilot RCTs, the majority of non-randomized studies (*n* = 4) were conducted in settings outside the USA, including Brazil \[[@CR34]•\], South Africa \[[@CR35]\], Kenya \[[@CR36]•\], and India \[[@CR31]\]. However, similar to pilot RCTs, most (*n* = 4) non-randomized studies were tailored for MSM \[[@CR31], [@CR32]•, [@CR33], [@CR34]•\]. Intervention delivery among these studies was similarly diverse as that of the pilot RCT, and included websites \[[@CR34]•\], mobile apps \[[@CR32]•, [@CR35]\], text messaging \[[@CR36]•\], and a combination of various technologies \[[@CR31], [@CR33]\]. De Boni et al. \[[@CR34]•\] created a website where adult MSM received general HIV and health information across several modules and could order and receive information about HIVST. A mobile app (*HealthMindr*) was used by Sullivan and his colleagues to allow adult MSM to assess their risk for HIV, get PrEP information, create HIV testing plans, and order free condoms and HIVST kits \[[@CR32]•\]. In contrast, a variety of technologies were used in the single-arm trial of an intervention in Chennai, India, for male sex workers; those included mobile phone sessions and the use of text messaging, in addition to in-person meetings \[[@CR31]\].

The non-RCT intervention approaches generally showed high uptake of HIV testing and HIVST. For example, among over 2500 MSM in Brazil visiting an HIVST website (38% of whom had never been tested for HIV), three-quarters requested an HIVST kit, although only a minority reported the results of their HIVST \[[@CR34]•\]. Among 600 adult women in Kenya who were non-randomly assigned to receive weekly text messages and reply for more information or to not receive such messages, a higher proportion of women receiving the messages reported getting tested at least once during the next six months than those who did not (67% vs. 51%) \[[@CR36]•\]. Even higher rates of testing (77%) were shown among 121 US-based MSM using the *HealthMindr* mobile app across a four-month period \[[@CR32]•\]. Most studies reported participant's level of acceptability and satisfaction \[[@CR31], [@CR32]•, [@CR33], [@CR34]•, [@CR35]\] with the intervention. Satisfaction and acceptability levels were overall moderate to high, noting across studies the easy-to-use features, privacy that the interventions provide, and their willingness to recommend the intervention.

Recommendations for Practice and Research {#Sec6}
-----------------------------------------

Recommendations for research and practice provided by the authors of the studies included in this review are provided in the final column of Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}. Recommendations for research and practice includes specific intervention components to promote HIV testing, including tailoring \[[@CR30]\], gamification strategies \[[@CR33]\], and the use of motivational text messages \[[@CR27]\]. With respect to intervention platform and design, the potential for the use of existing social media platforms to deliver intervention content was noted \[[@CR21], [@CR22]••, [@CR23]\]. Similarly, study designs that were recommended for further study and possible use include brief interventions \[[@CR25]\], adaptive designs \[[@CR29]\], and those that provide a number of different technology-enabled options from which users could choose \[[@CR28]•\]. Relatedly, one study \[[@CR32]•\] called for a staged approach to intervention development that includes qualitative work, theater testing, usability testing, and pilot and efficacy testing. A number of studies noted the need for innovations that helped participants successfully navigate the HIV and HIVST process, including the possible use of demonstration videos \[[@CR20], [@CR27]\] and supervision of the testing process the first time to ensure correct use \[[@CR24]\]. Finally, others expressed a need to understand intervention mechanisms of action \[[@CR36]•\] and for objective biomarkers of intervention effects \[[@CR26]\].

Conclusion {#Sec7}
==========

HIV testing is a foundational first step in the entry into the HIV prevention and treatment continuum. This review found 18 published technology-assisted intervention studies that support the uptake of testing, enhance the experience and correct use of HIV testing, and directly assist with the delivery of HIVST kits. Similar to other reviews of mHealth and other technology-based interventions for HIV prevention or treatment outcomes \[[@CR37], [@CR38]\], this review of studies in the past five years showed that most reported the results of pilot or quasi-experimental study designs (*n* = 12). Of the efficacy RCT trials, the majority were conducted in non-US settings including Sub-Saharan Africa, China, and Peru, and those that were tailored to MSM showed the strongest evidence in favor of the intervention. The two studies conducted in Tanzania and Kenya used a similar intervention delivery method, which consisted of sending a relatively small number of text messages (three) to encourage HIVST kit use either at a clinic with supervision by a healthcare worker or alone \[[@CR20], [@CR24]\]. This approached failed to engage most participants, suggesting the need for more intensive strategies to promote HIV testing in Sub-Saharan Africa.

Among these efficacy trials, the use of an existing social media platform (e.g., Grindr or Facebook) to engage high-risk MSM and encourage HIV testing was supported. Rhodes et al. \[[@CR21]\], Tang et al. \[[@CR22]••\], and Young et al. showed positive intervention effects using social media platforms to identify and enroll MSM into their studies. The use of existing commercial social media platforms to advertise and recruit MSM into HIV prevention and treatment studies is common \[[@CR39]\]; however, how to leverage these platforms as part of intervention delivery is more complex. On the one hand, two of the studies reviewed here show strong support for engaging high-risk MSM through existing social media platforms to encourage them to test offline and order HIVST kits. On the other hand, maintaining a high level of privacy with respect to HIV status and MSM identity is an important consideration in HIV testing interventions \[[@CR40], [@CR41]\], and it is not yet clear whether changing platform guidelines and users' beliefs about privacy on social media platforms will impede their use for HIV testing. This review found intervention studies that used other delivery technologies---such as mobile apps \[[@CR32]•\], text messaging \[[@CR27]\], or websites \[[@CR42]\]---to encourage HIV testing and distribute HIVST kits. While text messages can be automated to participants on a chosen schedule, mobile apps and websites require users to actively engage (e.g., open the app or search the web) with the technology, which can be a challenge. The choice of a technology-based intervention delivery modality (or modalities) is, in part, driven by the capacity to access that technology in a given region and the adoption of that technology in communities. In the context of studies reviewed here, text messaging was the single modality used in studies conducted in Sub-Saharan Africa, where mobile phone adoption is high but where capacity to access the internet via mobile devices and use mobile applications is still not widespread \[[@CR43]\]. In contrast, US-based studies included the use of diverse technology-based modalities, possibly reflecting both high capacity to enable these technologies and high adoption communities who would benefit from HIV testing \[[@CR44]\]. Given the relatively small number of studies overall and the small number of studies conducted in non-US settings, it is difficult to make specific recommendations for which modalities will ultimately prove to be most impactful. Therefore, continued efforts are needed to determine which technology-based modalities and intervention components will sustainably enable HIV testing across diverse communities.

Across studies, response to testing interventions was not uniform. Studies that used technology for participants to order and/or receive HIVST kits tended to have higher rates of testing \[[@CR26], [@CR32]•\] than interventions that encouraged HIV testing (presumably at clinics or other offline venues) without the provision of an HIVST kit \[[@CR29], [@CR30], [@CR36]•\]. As noted by several authors of the studies reviewed here \[[@CR28]•, [@CR29]\], there is a need for study designs and community programs to offer a variety of testing interventions that can support persons who need minimal support to test and also identifying and providing timely interventions to those who require more intensive supports to do so. In a research setting, this may be done through sequential multiple assignment randomization trial (SMART) designs \[[@CR45]\], while in community settings this may be accomplished by providing a menu of testing services (e.g., regular text messages for regular testers and technology-assisted peer navigation for hard-to-engage persons) depending on the client's testing history and motivation.

We did not identify any studies that were implementation (i.e., "real-world") trials of HIV testing interventions, perhaps reflecting the nascent stage of the science. Ultimately, to impact rates of HIV testing to meet the Ending the HIV Epidemic and to achieve the 95-95-95 goals \[[@CR3]\], we need a much greater understanding of how the approaches reviewed here can be integrated into communities. This seems especially true for rural areas where HIV burden is often very high \[[@CR46], [@CR47]\]. One of the many promises of technology-based interventions is the ability to reach persons who are geographically diverse and isolated \[[@CR16]\]. Thus far, however, there is little empirical evidence for how to scale up such efforts, which should be a primary focus of investigation to advance the field of HIV testing and to make a measurable impact on rates HIV testing. These efforts are particularly critical given the immediate and long-term impacts of the COVID-19 pandemic, which has both forced researchers to quickly adapt to online recruitment, enrollment, and intervention delivery strategies \[[@CR48]\] and to consider the continuing needs of high-risk communities who will require remotely delivered service \[[@CR49]\]. As the entrance into the HIV prevention and treatment continuum, maximizing testing behaviors among at-risk groups should have positive downstream impacts on other steps in the continuum. Our review suggests that technology should be leveraged to achieve these HIV continuum goals globally.
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